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Abstract
The goal of this study was to optimize a protocol of murine intestinal crypt 3D culture in preparation 
for future studies involving 3D co-culture of murine intestinal and cancer cells, and ultimately 
human 3D tissue cultures.  This study was focused on analyzing the role of fibroblasts in regulating 
epithelial and stem cell physiology and maintenance. Previous studies indicated that Wnt singling 
pathway was one of the key regulators of the stem cell niche maintenance.  Identifying specific 
signaling ligands contributed by fibroblasts to the stem cell niche can assist in optimizing the 3D 
culture protocol for future stem cell niche studies. Transgenic mouse models of wild type APC (L2-
IL-1b) and APC-modified mice were used as a source of small intestine crypts and fibroblasts. 
Intestinal crypts were maintained in 3D culture systems and fibroblasts were maintained in classic 
monolayer. Histological analysis of the 3D cultures revealed presence of crypt like structures which 
indicated that culture system was effective. RNA isolated from the 3D cultures was used for reverse 
transcription, and real time-PCR to evaluate expression of genes in the Wnt pathway. Gene 
expression analysis of normal fibroblasts from intestinal cultures showed significant expression of 
Wnt 2, Wnt 3, and Wnt 4. In contrast to fibroblast from normal tissue, Carcinoma Associated 
Fibroblasts (CAF’s) also expressed Rspondins 1, 2, and 3. These results show that fibroblasts indeed 
express key molecules needed for intestinal stem cell niche maintenance. Identification of the genes 
contributed by fibroblasts to the stem cell niche physiology will inform further studies examining the 
influence of stem cell associated fibroblasts on gastrointestinal carcinogenesis. 
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Conclusions and Future Plans
Our data is consistent when compared to pre-existing information,   meaning our protocols are 
largely optimized. 
• Crypt and Fibroblast Culture Methods are Effective. Protocols Allowed for 
Formation and Maintenance of Functional Crypt Organoids in vitro. Our 
organoid growth highly resembles the organoid growth shown in previous 
studies [1,2,3,4]
• Fibroblasts from Culture Expressed Wnt 3, Wnt4, Wnt2 and Rspondin
ligands 1, 2, and 3. Previous studies [4] exclusively acknowledged Wnt 2, 3, 
and 4 are required for growth and development of organoid cultures. 
• The presence of Rspodin 1, 2 and 3 in CAFs  and their absence in normal 
fibroblasts suggests that CAFs might use Rspondins to promote epithelial cell 
proliferation and tumor development.
• Presence of the Apc+/1638N Mutation was Confirmed in our Fibroblast 
Sample Isolated from Apc+/1638N mouse model indicating that our mouse 
model did contain a mutation in APC gene and can be used for later study. 
Future investigations:
• Compare the phenotypes of normal crypts from control mice to those derived from 
APC mutant mice for phenotypic differences
• Protein expression analysis of normal and mutated (CAFs) fibroblasts
• Include additional experiments to investigate whether Rspondins are indeed secreted 
by CAFs.
Materials and Methods
Protocol Allows for Formation and Maintenance of 
Functional Crypt Organoids in vitro
Figure 2a: Photos of murine small intestine crypts in 3D 
culture captured using Zeiss Axiovert 40 CFL microscope 
phase contrast imaging.
Figure 2b: Bright field microscope images crypts after 
Hematoxylin and Eosin staining. Both images are from 
fibroblast-crypt-co-culture. Left is under 10x magnification and 
the one on the Right under 20x magnification. 
Fibroblast Culture Methods are Effective
Figure 3: The phase contrast microscope image above is 
showing the structure of normal fibroblasts in a monolayer 
culture. Passage 5.  100X magnification. 
Fibroblasts from Culture Expressed Wnt 3, Wnt4, Wnt2 and Rspondin ligands 1, 2, and 3 
Figure 4: Real Time PCR using mRNA from isolated primary 
fibroblasts, CAFs (MF), fetal esophagus fibroblast (FEF), and 
crypts. Embryo samples used as positive control. RT enzyme was 
left out as negative control. The image above is representative of 
three separate trials. Wnt 2,Wnt3, and Wnt 4 are expressed in the 
crypt system. 
Figure 5: Reverse Transcription PCR using mRNA from isolated 
fibroblasts, CAFs (MF), fetal esophagus fibroblast (FEF), and crypts. 
Embryo samples used as positive control. RT enzyme was left out as 
negative control. RSpo 1 and 3 are expressed in only CAFs. Rspo 2 is 
expressed in the primary and CAFs. Rspo 4 only yielded expression in 
crypts. 
Presence of the Apc+/1638N Mutation was Confirmed in our Fibroblast Sample Isolated 
from Apc+/1638N Model Mice
Figure 6: Expression of the APC gene in fibroblast. 3% agarose gel. The double bands in lanes 5 and 6 indicate an elongation.
Wild type APC size is 216 bp, Mutant APC size is 227 bp. Primers: Lanes 1&2- A2+Neo3; Lanes 3 &4- A2+C2; Lanes 5&6-
A2+C2+Neo3.
Polymerase Chain Reaction
The cDNA from reverse transcription was used to test for gene testing, specific forward 
and reverse primers for Wnt1, Wnt2, Wnt3, Wnt4, Wnt9b, Rspo 1-4 genes were used.  
Presence of APC mutation was tested using three test primers (A2, C2, and Neo3). 1.5 % 
agarose gels pre-stained with ethidium bromide were used for gel electrophoresis. APC 
gene mutation analysis required a 3 % gel. Quick Load 100 BP NO467S ladder (New 
England BioLabs) was used throughout the study.
Hematoxylin and Eosin Staining
Organoids from 3D cultures were fixed in buffered paraformaldehyde (3.7% 
paraformaldehyde: 10mM phosphate buffer, ph-7.4) and embedded in paraffin blocks. 
2.5µm-3µm sections were prepared using the Thermo Scientific Microtom HM 355 and 
examined under either bright field microscopy with a Zeiss Apotome microscope or with 
microscopy using a Zeiss Axiovert 40 CFL microscope.
Fibroblast Culture
Fibroblast used in this study were cultured in petri dishes with complete RPMI medium (450ml 
RPMI, 50 ml FBS, 5 ml P/S). Fetal Esophageal Fibroblasts were cultured in DMEM medium 
(1%Pen/strep, 10% FBS). Passage was performed as plates reached 80-90% confluence at 1:2 
ratio.
RNA Isolation
RNA isolation was performed using Qiagen AllPrep DNA/RNA/Protein Mini Kit. RNA 
concentrations were tested using the ThermoScientific NanoDrop 2000 equipment.
DNA digestion and Reverse Transcription
DNase digestion treatment of primary fibroblasts, CAF’s, fetal esophagus fibroblasts, and crypt 
RNA samples was required prior to RT-PCR using Promega Moloney Murine Leukemia Virus 
Reverse Transcritpase (M-MLV) kit. 1 ug RNA used per reaction. Reaction conditions for 
Reverse Transcription were: 55ºC/ 50 min, 70ºC/15min, 4ºC. 
Animals and Crypt Isolation from Mouse Models
Transgenic mouse model: L2-Interluekin-1 Beta used as control mice. Harvested small intestinal 
tissue for 3D culture, Primary fibroblasts, Fetal Esophageal Fibroblast (FEF), and Myofibroblast
(CAFs) from these mice. Apc+/1638N mice  tumor modified mice were tested for the presence of 
APC mutation. 
Crypt Culture
Passage was performed every week at 1:2 ratio. Isolated crypts were cultured in 24 well plates with 
matrigel drops and modified SCM or crypt culture medium. Cultured in Crypt Culture Medium 
containing growth factors B27, N2, NAC, EGF, Noggin, and Rspondin 1. 
Introduction
Figure 1, the figure above, depicts what was done in this study [6].
The image on the left shows a Paneth cell and stem cell supported by mesenchymal 
cells of the small intestine in vivo. The right shows the same cells being supported in 
vitro within a matrigel droplet with specialized growth media. 
Rspondins’ role in the system is to activate canonical Wnt signaling which is crucial 
to generate growth factors that help maintain successful numbers of organoid buds 
and cell proliferation in the crypts. Wnt is crucial in driving the proliferation of 
epithelial cells [3]. Previous studies [4] show that fibroblast-derived Wnt1 and Wnt3 
increase cell proliferation and transformation of intestinal cells, thus playing a key 
role in carcinogenesis [5] .
This study will focus on: 
• evaluating genes from the Wnt family (Wnt1, Wnt2, Wnt3, Wnt4, Wnt9b) and 
Rspondin 1-4,
• optimizing in vitro models of cell culture to better understand which pathways 
and/or factors contribute to facilitating tumors within gastrointestinal tract. 
By comparing normal and abnormal gene expression found in fibroblasts from 
intestinal tissue we can better identify which genes are responsible for maintaining 
cancerous tumors and their microenvironment in the small intestine. 
Key:
• Rspondin - growth factor for crypt growth and activation of Wnt
signaling
• Epidermal growth factor (EGF)-factor critical in intestinal 
proliferation 
• Noggin- growth factor for 
• B27, N-Acetylcystenine (NAC), & N2-
• SCM-Single crypt medium 
Matrigel Drop Containing Crypts
in Single Well
A2+Neo3 A2+C2 A2+C2+Neo3
